Corticotropin-releasing hormone (CRH) is a central integrator in the brain of endocrine and behavioral stress responses, whereas activation of the endocannabinoid CB1 receptor suppresses these responses. Although these systems regulate overlapping functions, few studies have investigated whether these systems interact. Here we demonstrate a novel mechanism of CRH-induced anxiety that relies on modulation of endocannabinoids. Specifically, we found that CRH, through activation of the CRH receptor type 1 (CRHR1), evokes a rapid induction of the enzyme fatty acid amide hydrolase (FAAH), which causes a reduction in the endocannabinoid anandamide (AEA), within the amygdala. Similarly, the ability of acute stress to modulate amygdala FAAH and AEA in both rats and mice is also mediated through CRHR1 activation. This interaction occurs specifically in amygdala pyramidal neurons and represents a novel mechanism of endocannabinoid-CRH interactions in regulating amygdala output. Functionally, we found that CRH signaling in the amygdala promotes an anxious phenotype that is prevented by FAAH inhibition. Together, this work suggests that rapid reductions in amygdala AEA signaling following stress may prime the amygdala and facilitate the generation of downstream stress-linked behaviors. Given that endocannabinoid signaling is thought to exert "tonic" regulation on stress and anxiety responses, these data suggest that CRH signaling coordinates a disruption of tonic AEA activity to promote a state of anxiety, which in turn may represent an endogenous mechanism by which stress enhances anxiety. These data suggest that FAAH inhibitors may represent a novel class of anxiolytics that specifically target stressinduced anxiety.
Introduction
Endocannabinoid (eCB) signaling acts as a gatekeeper over stress and anxiety, fine-tuning neurobehavioral responses in constantly changing environments. Under resting conditions, the eCB, anandamide (AEA), appears to constrain activation of the amygdala, anxiety-like behaviors, and downstream activation of the hypothalamic-pituitary-adrenal (HPA) axis. As such, systemic and intra-amygdalar blockade of the cannabinoid-type 1 (CB1) receptor increases neural activation in the amygdala Newsom et al., 2012) , anxiety-like behavior (Haller et al., 2004; Dono and Currie, 2012) , and HPA axis activity (GanonElazar and Akirav, 2009; Newsom et al., 2012) , indicating that amygdala eCB signaling gates stress-and anxietylike responses.
In response to stressful stimuli, the amygdala shows dynamic changes in eCB levels, encompassing rapid AEA declines and increases in the activity of the AEA-hydrolyzing enzyme, fatty acid amide hydrolase (FAAH), following acute and chronic stress Rademacher et al., 2008; . Stress exposure is also associated with central increases of the other eCB, 2-arachidonoylglycerol (2-AG), in corticolimbic stress-regulating regions (Evanson et al., 2010; Wang M et al., 2012) , although this occurs on a more delayed temporal scale and appears to be involved in the termination of stress responses . To date, there is little knowledge regarding the mechanism or functional role of the rapid decline in AEA within the amygdala, although we hypothesized that it may be paramount to the generation of stress responses . Endocannabinoids are sensitive to glucocorticoid-dependent regulation Atsak et al., 2012) ; however, glucocorticoids increase, rather than decrease, amygdala AEA levels . This suggests that a distinctly independent stress-linked signaling system, and one that is rapid and upstream of the HPA axis, mediates the stress-induced decline of AEA content occurring in the amygdala.
Corticotropin-releasing hormone (CRH) represents an ideal candidate for linking stress with AEA changes. During stress, CRH receptor type 1 (CRHR1) activity in the limbic forebrain (Smith et al., 1998; Müller et al., 2003; Refojo et al., 2011) , and particularly the basolateral amygdala (BLA) (Roozendaal et al., 2002; Gehlert et al., 2005; Jochman et al., 2005; Bruchas et al., 2009; Sztainberg et al., 2010) , initiates stress-related and anxietylike behavioral responses. In downstream stress circuits, such as the anterior pituitary, CRHR1 activation shapes endocrine stress responses by stimulating pituitary release of adrenocorticotropinreleasing hormone to initiate increases in peripheral glucocorticoid production (Chen et al., 1993; .
Although the eCB system and CRHR1 are both found in stress-regulating structures and exert well-documented opposing roles on stress-and anxiety-like behavior (Timpl et al., 1998; Kathuria et al., 2003) , few studies have investigated whether these systems exhibit any functional interactions (Bayatti et al., 2005; Kamprath et al., 2009; Kupferschmidt et al., 2012a Kupferschmidt et al., , 2012b . Using a range of pharmacological, biochemical, and genetic techniques, we have found that the activity of the postsynaptic AEA-metabolizing intracellular enzyme FAAH is remarkably sensitive to induction by CRHR1 signaling and that this relationship is critical for the regulation of anxiety.
Materials and Methods

Subjects
Male Sprague Dawley rats (65-70 d old; Charles River) were pair-housed with food and water available ad libitum (12 h light/dark cycle; lights on 09:00).
A recently characterized line of conditional knock-out mice was also used, which do not express CRHR1 receptors on dorsal telencephalon glutamatergic neurons (CRHR1-Glu KO). Thorough breeding details have been previously reported (Refojo et al., 2011) , but in brief, this breeding strategy uses the neuronal marker Nex (Neurod6/Math2) to drive Cre expression selectively in dorsal telencephalon glutamatergic neurons (Goebbels et al., 2006) . CRHR1-Glu KO mice were generated by crossing CRHR1 flox/flox mice with Nex-Cre mice to remove CRHR1 receptors from glutamate neurons within a range of brain regions within the dorsal telencephalon, including projection neurons of the cortex, hippocampus, and the BLA (Goebbels et al., 2006; Refojo et al., 2011) .
Mice expressing the enzyme ␤-galactosidase (␤-GAL) on CRHR1-positive neurons were also used to visualize and detect CRHR1 expression in the BLA. This line was created using a knock-in approach to introduce a tau-LacZ reporter into the CRHR1 gene locus that allows visualization of CRHR1 expression via the tau-LacZ reporter. The thorough description of the knock-in strategy can be found elsewhere .
Male wild-type (WT), CRHR1-Glu KO, and ␤-GAL/CRHR1 mice were housed 2-4 per cage, were 2-4 months old during testing, and housed under standard laboratory conditions, with food and water available ad libitum (12 h light/dark cycle; lights on 09:00).
All tests began 2 h after lights on and followed protocols approved by the University of Calgary Animal Care Committee, guidelines from the Canadian Council on Animal Care, and the Care and Use of Laboratory Animals from the Government of Bavaria, Germany.
Central surgeries and pharmacological testing
Cannulations. Rats had 1 week of acclimatization before surgeries, at which time they weighed 270 -300 g, then were anesthetized (100 mg/kg ketamine hydrochloride and 7 mg/kg xylazine) and implanted with unilateral cannulae (23-gauge) targeting the lateral ventricle (coordinates: Ϫ0.90 mm anteroposterior, 1.4 mm mediolateral, and Ϫ2.8 mm dorsoventral from skull). In subsequent experiments, a separate cohort received bilateral BLA cannulations (coordinates: Ϫ2.8 mm anteroposterior, Ϯ5.0 mm mediolateral, Ϫ6.5 mm dorsoventral). Following cannulations, rats were given 1 week of recovery and exposed to daily mock injections for 3 consecutive days before testing. Intracerebroventricular injections were delivered over 2 min at a flow rate of 1.0 l/min, whereas intra-BLA injections were delivered 0.2 l per side, over a period of 32 s. All injectors extended 2 mm from the guide cannula. Injectors were left in place for 90 s following drug administration to ensure the dispersal of the injection.
Drug administration and tissue collection. Rats were given intracerebroventricular injections of saline or CRH (1 g, Tocris Bioscience, #1151) and were decapitated 10, 30, or 120 min later. In additional studies, cannulated rats received intracerebroventricular injections of saline, CRHR1 agonist (cortagine; 300 ng; Phoenix Pharmaceuticals, #019-38), or CRHR2 agonist (urocortin 2; 1 g; Phoenix Pharmaceuticals; #019-34) and then were decapitated 30 min later. Evans blue dye was used (50 l, 0.02%) to verify ventricular cannula placement, and the amygdala and prefrontal cortex (PFC) were dissected, flash frozen on dry ice, and stored at Ϫ80°C for later analysis of eCB levels, FAAH activity, protein levels, and mRNA expression. For dissections, the PFC was dissected from fresh brains following decapitation as a tissue block composed of medial PFC and anterior cingulate cortex, which was anatomically defined as the area dorsal to the anterior olfactory nucleus and medial to the corpus callosum and claustrum formation. The posterior boundary for this tissue block was ϳ2.20 mm anterior to bregma. The amygdala was dissected as a tissue block from a coronal slice that spanned from ϳϪ4.0 mm to Ϫ1.6 mm from bregma. Cortical tissue lateral to the external capsule (primarily composed of piriform cortex) was excised, and the amygdala (predominately composed of basolateral nuclei but also containing some tissue from the central and medial nuclei) was dissected as the remaining triangular tissue block lateral to the optic tract. Trunk blood samples were also collected at the time of decapitation for corticosterone (CORT) analysis.
For elevated plus maze (EPM) testing, rats received bilateral intra-BLA infusions of vehicle (PEG/Tween 80/saline, 5:5:90, v/v/v), CRH (10 ng), URB597 (10 ng; Cayman Chemical, #10046), or CRH ϩ URB597 30 min before EPM testing. To survey possible CORT changes, 100 l tail blood samples were collected 30 min after the onset of EPM exposure. Rats were then anesthetized, and brains were harvested for cryostat slicing and Nissl staining to verify cannula placement.
Blood sampling and CORT measures. Blood samples were centrifuged at 10,000 rpm for 20 min at 4°C. Plasma was then stored at Ϫ20°C until testing with an ELISA CORT kit (Cayman Chemical, #500655). Samples were tested in duplicate and diluted 1:1000 to ensure stress-induced levels fit on the linear portion of the standard curve. The detection limit of the assay was 30 pg/ml at 80% binding.
Stress and behavioral studies
Restraint. In all restraint studies involving rats, subjects received intraperitoneal injections of vehicle or drug 30 min before a 30 min restraint episode. In these studies, rats received injections of the CRHR1 antagonist antalarmin (20 mg/kg, dissolved in saline; Tocris Bioscience, #2778), the glucocorticoid receptor antagonist RU486 (20 mg/kg, dissolved in a 1:1 v/v mixture of propylene glycol and saline; Sigma, #M8046) or their respective vehicles, before restraint to determine the role of CRH and CORT, respectively, in the effects of stress on eCB levels. For experiments involving mice lacking CRHR1 on dorsal telencephalon glutamatergic neurons, wild-type and CRHR1-Glu KO subjects were restrained in 50 ml Falcon tubes with breathing holes for 30 min. For all restraint experiments, subjects were rapidly decapitated following the end of restraint, or a comparable duration in the home cage. For all groups, brains were removed following rapid decapitation, and brain regions (amygdala, PFC) were dissected out as described above, flash frozen on dry ice, and then stored at Ϫ80°C until analysis.
EPM. The EPM was composed of two open and two closed arms (48 cm long ϫ 15 cm wide ϫ 38 cm height of closed arms) and elevated 48 cm above the floor. All 5 min sessions occurred in a dark room with dim lighting, were video-recorded, commenced with rats being placed in the center facing an open arm, and the maze was cleaned between sessions. Parameters analyzed by a blind observer included total duration spent in open or closed arms (four paws into the arm was considered an entry), the percentage of total time spent in open and closed arms, and the percentage of open arm entries to assess possible treatment effects on anxiety-like behavior. The total number of arm entries made per subject was also measured to survey possible differences in locomotion or activity.
Tissue processing FAAH activity. Membrane fractions were prepared from homogenized tissue and samples normalized according to protein content . Samples were then exposed to 0.2 nM 3 H-AEA and varying concentrations of cold AEA (0.05-1.5 M) to determine the maximal hydrolytic activity (V max ) that FAAH displayed for AEA .
Lipid extractions from tissue samples. Lipid extraction from dissected tissue was performed as described previously , except that the homogenization volume was spiked with 50 pmol d 8 -2-AG and 84 pmol d 8 -AEA per sample. Immediately before liquid chromatography-tandem mass spectrometry analysis, samples were reconstituted in 200 l of 9:1 methanol/water (v/v), vortexed, and transferred to autosampler vials.
Analysis of endocannabinoid levels. Analytes were quantified using liquid chromatography-tandem mass spectrometry on a Quantum triplequadrupole mass spectrometer in positive-ion mode using selected reaction monitoring. Detection of eCBs was performed as previously described (Hermanson et al., 2013) .
Western blot analysis of FAAH protein. Tissue for Western blot analysis was homogenized in RIPA lysis buffer (150 nM NaCl, 50 mM Tris-HCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS, Complete protease inhibitors, Roche). Briefly, samples were disrupted using 50 mm stainless steel beads and the TissueLyser LT (QIAGEN), at 50 Hz for 5 min, followed by centrifugation at 16,000 ϫ g at 4°C for 20 min. Protein quantification of supernatant was performed using a BCA kit according to the manufacturer's protocol (ThermoFisher Scientific); 30 g of protein was denatured using NuPage LDS Sample Buffer and Reducing Agent (Invitrogen) at 95°C for 5 min and then loaded into NuPage 3-8% Tris-acetate Gels (Invitrogen). Gels were run for 1 h at 200 V. Gels were then transferred to nitrocellulose membranes for 1 h at 150 mA. After transferring, membranes were washed in TBST and blocked for 1 h in 5% milk. Primary antibodies (mouse anti-GAPDH, 1:10,000; Abcam, #ab8245; and rabbit anti-FAAH, 1:500; Cayman Chemical, #101600), as described previously (Zabouri et al., 2011) , were incubated overnight at 4°C. The following day, membranes were washed and incubated with secondary antibodies (both 1:10,000; donkey anti-mouse IgG IRDye 800 CW, Licor, #926-32212; and donkey anti-rabbit IgG IRDye 680LT, Licor, #926-68023) for 1 h at room temperature, then washed before imaging on a Licor Odyssey CLx (Licor). Images were analyzed for relative differences in optical density using ImageJ software (National Institutes of Health) and the gel analyzer macro to determine area under the curve. The total area under the curve for FAAH was divided by the total area for GAPDH. Values were normalized to the control group for each experiment (i.e., vehicle intracerebroventricular or basal, nonstressed controls).
RT-PCR analysis of FAAH mRNA. RNA was isolated from tissue using the RNeasy Plus Universal Mini Kit, the TissueLyser LT, and a Qiacube (QIAGEN) according to the manufacturer's protocol. Isolated RNA was converted to cDNA using the qScript cDNA SuperMix (Quanta Biosciences) according to the manufacturer's protocol. Primers for RPLP2 (control gene) and FAAH were designed using Primer Quest Software (IDTDNA) and checked for specificity using the NCBI BLAST tool. Primers for RPLP2 and FAAH are as follows: RPLP2, forward, 5Ј-CGCTACGTTGCCTCTTATCT-3Ј, reverse, 5Ј-GCCCACGCTGTCTAGTATTT-3Ј; FAAH, forward, 5Ј-GGAGCTAAGGAGTGAGTATTTC-3Ј, reverse, 5Ј-CACCTGTCCTTATCCCATTAC-3Ј. qPCR was performed using the PerfeCTa SYBR Green FastMix (Quanta Biosciences) according to the manufacturer's protocol using a RotoGeneQ lightcycler (QIAGEN). Cycle thresholds (C t ; the point at which fluorescence crosses threshold) values were assayed for both the control gene and gene of interest for all groups. The ⌬C t between the control gene (RPLP2) and gene of interest (FAAH ) was calculated for the control groups (intracerebroventricular vehicle or basal, nonstressed control). Finally, ⌬⌬C t , or the change between the control groups (intracerebroventricular vehicle or basal, nonstressed) and the manipulated groups (intracerebroventricular CRH or stressed, respectively) was calculated. Data were normalized so that the average of the control groups was set to 1.
Immunohistochemistry for CRHR1 and FAAH colabeling. Given that CRHR1 antibodies are unreliable (Refojo et al., 2011) , a line of genetically altered mice was used to survey indirect CRHR1 protein expression. These mice express the enzyme ␤-GAL within CRHR1-positive cells using a tau-LacZ reporter gene into the CRHR1 gene locus as described above and previously .
Brains were harvested as previously described , and tissue was cut into 35 m sections on a cryostat and stored in cryoprotectant (0.1 M potassium phosphate buffered solution [KPBS] , 30% ethylene glycol, 30% glycerol). Immunohistochemistry was performed using primary antibodies for FAAH (1:20; Cayman Chemical, #101600), previously validated for specificity in FAAH KO mice (Zabouri et al., 2011) , and ␤-GAL (1:250; Abcam, #AB9361) with an overnight incubation. KPBS rinsed tissue was then exposed to secondary antibodies for 1 h at room temperature (1:1000; Invitrogen), rinsed, and incubated in DAPI solution for 10 min at room temperature (1:1000; Invitrogen), then rinsed and mounted with fluoromount medium (Sigma). Blocking solution contained KPBS, 0.03% Triton-X, 0.1% saponin, 5% normal goat serum, and 1% BSA.
Images were captured on a Leica (DM5500 Q) confocal microscope and analyzed with cellSens software (Olympus). Estimates of coexpression were generated by counting bilaterally across sections the number of total FAAH-positive cells within a standardized analysis box (400 m 2 ) within the BLA. Then, separately, the total number of ␤-GALϩ FAAH colabeled cells were counted to determine whether 100%, or only a subset, of FAAH-positive cells were positive for CRHR1 coexpression. Bilateral counts were averaged across sections, and the number of cells positive for coexpression was normalized to total FAAH-positive cell counts. Three mice were used for this analysis, and two or three BLA sections were surveyed for each subject. This analysis was also repeated for the in situ hybridization analysis described below to survey the degree of coexpression among CRHR1 and FAAH mRNA using a standardize box (100 m 2 ), sampled across 3 subjects, and bilaterally across two or three sections per subject. During the analysis of both protein and mRNA, CRHR1 expression was always found to coexpress FAAH; therefore, additional analyses examining possible subpopulations of FAAHnegative CRHR1 cells were not undertaken.
Fluorescent in situ hybridization. Detection of mRNA for CRHR1 (gene ID: 58959) and FAAH (gene ID: 29347) was performed using RNAscope probes according to the manufacturer's instructions (ACD). In brief, 30 m cryostat-prepared sections of unfixed frozen rat tissue were treated as previously described with positive and negative controls (Wang F et al., 2012) . Tissue was then examined for coexpression of CRHR1 and FAAH mRNA using the neuronal marker DAPI to visualize individual cells using a Leica confocal microscope.
Statistical analysis
GraphPad Prism 6.02 was used for statistical analyses. Parametric, unpaired t tests were used to analyze the effects of intracerebroventricular vehicle versus CRH on eCB levels, CORT levels, and FAAH activity, the effects of stress and intracerebroventricular CRH administration on FAAH mRNA and protein levels, and the histology analysis. One-way ANOVA was used to analyze the effects of intracerebroventricular vehicle versus CRHR1 and CRHR2 agonism. All other experiments were assessed using a two-way ANOVA. Where appropriate, the Bonferroni method was performed for specific group comparisons. For all data, p Ͻ 0.05 indicates statistical significance.
Results
Central CRH signaling rapidly modulates amygdala AEA hydrolysis Exposure to acute stress has been reliably shown to reduce AEA content within the amygdala of both rats and mice Rademacher et al., 2008; ). This effect appears to be upstream of the HPA axis , which led us to investigate the role of CRH in this phenomenon. We additionally surveyed possible changes in the PFC, as both regions are heavily implicated in stress and anxiety regulation and are important sites for the modulatory effects of eCBs on these processes , 2012) . Similar to what has been documented following acute stress Rademacher et al., 2008; , intracerebroventricular CRH significantly reduced AEA levels in the amygdala 10 min following CRH administration (t (11) ϭ 2.25, p ϭ 0.046; Figure 1A ), and significantly increased the hydrolytic activity (V max ) of FAAH in the amygdala (t (6) ϭ 2.74, p ϭ 0.033; Figure 1B ). These effects of intracerebroventricular CRH at 10 min were specific to AEA as there was no effect of CRH on 2-AG levels within the amygdala (t (11) ϭ 0.26, p ϭ 0.80; Figure 1C ). At this time point, there was also no effect of CRH administration on circulating plasma CORT (t (19) ϭ 0.74, p ϭ 0.46; Figure 1D) .
Similar to what we found at the 10 min time point, intracerebroventricular CRH significantly reduced AEA levels in the amygdala 30 min following administration (t (11) ϭ 2.80, p ϭ 0.017; Figure 1E ), significantly increased FAAH activity (t (5) ϭ 2.64, p ϭ 0.046; Figure 1F ) , and had no effect on 2-AG levels (t (11) ϭ 0.12, p ϭ 0.90; Figure 1G ), which is consistent with the effects of acute stress . Also similar to acute stress exposure, intracerebroventricular CRH significantly increased CORT levels at 30 min after injection (t (19) ϭ 3.37, p ϭ 0.003; Figure 1H ).
To determine whether our observed eCB changes were temporary or longer lasting, a 120 min time point following intracerebroventricular CRH was assessed. Two hours following CRH administration, there was no longer a significant difference in amygdala AEA levels (t (16) ϭ 1.19, p ϭ 0.24; Figure 1I ) or FAAH activity (t (7) ϭ 0.27, p ϭ 0.79; Figure 1J ). At this time point, however, CRH administration did elicit a significant increase in 2-AG content within the amygdala (t (16) ϭ 2.21, p ϭ 0.042; Figure 1K ), and there was also still a significant increase in circulating CORT (t (13) ϭ 3.51, p ϭ 0.003; Figure 1L ).
Unlike the amygdala, 10 min following intracerebroventricular CRH there was no effect on PFC AEA levels (t (11) ϭ 0.49, p ϭ 0.63; Figure 2A ) or FAAH activity (t (6) ϭ 0.96, p ϭ 0.37; Figure 2B ), but there was a significant increase in 2-AG levels (t (11) ϭ 2.7, p ϭ 0.02; Figure 2C ). Similarly, 30 min following CRH administration, there was no effect on PFC AEA levels (t (11) ϭ 1.27, p ϭ 0.23; Figure 2D ), PFC FAAH activity (t (6) ϭ 1.65, p ϭ 0.15; Figure 2E ), and no effect on PFC 2-AG levels (t (10) ϭ 1.6, p ϭ 0.14; Figure 2F ). Analysis of PFC tissue 120 min following CRH-intracerebroventricular administration also revealed no effect of CRH on PFC AEA levels (t (15) ϭ 0.027, p ϭ 0.97; Figure 2G ), and PFC FAAH activity (t (6) ϭ 0.76, p ϭ 0.47; Figure 2H ), but a significant increase in PFC 2-AG levels (t (16) ϭ 2.22, p ϭ 0.04; Figure 2I ). PFC 2-AG levels are positively modulated by CORT ; therefore, a parsimonious assumption would be that our observed PFC 2-AG elevations at the 120 min time point might correspond to CRH-dependent CORT increases. However, given that intracerebroventricular CRH increased 2-AG within the PFC at only 10 min following administration, there also appears to be a more rapid mechanism by which CRH increases 2-AG levels in the PFC. Collectively, these data demonstrate that CRH administration rapidly increases FAAH activity and reduces AEA levels within the amygdala, but not the PFC. Given that the changes in amygdala AEA levels and FAAH activity precede the increase in CORT release driven by CRH, these findings suggest that these effects of CRH on amygdala FAAH/AEA are likely occurring independent of increases in glucocorticoid secretion. (63 kDa) and GAPDH (40 kDa) bands in the amygdala and PFC. A, C, For protein analysis, the optical density for FAAH was divided by the optical density for GAPDH and was normalized to the vehicle control group and represented using arbitrary units. B, D, For FAAH mRNA analysis, fold change of FAAH mRNA levels is shown normalized to vehicle controls (relative to RRLP2) and represented as arbitrary units. Data are mean ϩ SEM; n ϭ 5 or 6/group for FAAH protein; n ϭ 6 -8/group for FAAH mRNA levels.
Based on our limited understanding of the factors influencing FAAH activity, we subsequently assessed whether CRH-induced changes in FAAH activity were driven by rapid increases in FAAH mRNA or protein. Examination of FAAH protein, as determined by Western blot analysis, and FAAH mRNA using RT-PCR demonstrated that there were no changes in the amygdala for FAAH protein (t (10) ϭ 0.47, p ϭ 0.63; Figure 3 A, E), or mRNA (t (12) ϭ 0.66, p ϭ 0.51; Figure 3B ). In the PFC, there was also no effect of CRH on FAAH protein (t (10) ϭ 0.19, p ϭ 0.85; Figure 3C ,E) or mRNA (t (10) ϭ 0.8, p ϭ 0.44; Figure 3D ).
Because CRH binds to both CRHR1 and CRHR2, we next tested which receptor might be mediating these amygdala effects. Rats were administered intracerebroventricular injections of either saline, a CRHR1 agonist (cortagine), or CRHR2 agonist (urocortin 2), and decapitated 30 min later to examine FAAH activity and eCB levels. Agonist treatment significantly altered amygdala AEA levels (F (2,18) ϭ 5.85, p ϭ 0.012; Figure 4A ), and FAAH activity (F (2,11) ϭ 4.9, p ϭ 0.036; Figure 4B ), which post hoc analysis revealed was due to cortagine-induced increases in FAAH activity ( p Ͻ 0.05), and a concomitant reduction in amygdala AEA levels ( p Ͻ 0.05; Fig. 4 A, B) . As expected, and in complement to our previous findings at 10 and 30 min following intracerebroventricular CRH, there was no treatment effect on 2-AG levels in the amygdala 30 min following CRHR1 or CRHR2 agonism (F (2,18) ϭ 1.56, p ϭ 0.24; Figure 4C ). CRHR2 activation also had no effect on any of the measures examined ( p Ͼ 0.05; Fig. 4A-C) . These findings suggested that our previous CRH-mediated changes in AEA and FAAH activity were dependent on activation of CRHR1 but not CRHR2. The lack of effect of CRHR2 agonism on FAAH activity or AEA levels in the amygdala is not surprising as CRHR2 is generally thought to be primarily expressed within the medial amygdala (Hauger et al., 2006) , a region where FAAH expression is relatively sparse. In contrast, CRHR1 is widely expressed across amygdala subnuclei on both inhibitory and excitatory neurons ( Similar CRHR1-mediated decreases in AEA were not observed in the PFC (F (2,18) ϭ 0.51, p ϭ 0.61; Figure 4D ), but surprisingly CRHR1-dependent increases in FAAH activity were (F (2,10) ϭ 5.73, p ϭ 0.028; post hoc, p Ͻ 0.05; Figure 4E ) without a corresponding change to its ligand substrate AEA. This suggests that FAAH activity and AEA content within the PFC may be sensitive to CRHR1 stimulation, but the magnitude of this effect is not as reliable or robust as what was seen within the amygdala. Similar to what was seen with CRH administration, activation of CRHR1, but not CRHR2, resulted in an increase in 2-AG levels within the PFC (F (2,19) ϭ 5.18, p ϭ 0.02, post hoc, p Ͻ 0.05; Figure  4F ) indicating that the ability of CRH to increase prefrontocortical 2-AG levels was also CRHR1, but not CRHR2, mediated.
CRHR1 receptor signaling on glutamatergic neurons within the amygdala mediates stress-induced modulation of FAAH activity and AEA
Having established that CRHR1 activation is sufficient to increase FAAH activity and reduce AEA levels in the amygdala, we next sought to determine whether CRHR1 activation is also necessary for stress to evoke changes in FAAH/AEA signaling. To this extent, we administered a CRHR1 antagonist (intraperitoneal) to rats 30 min before a 30 min restraint stress exposure. For all acute stress studies, our a priori hypothesis was that exposure to stress would reduce AEA levels in untreated animals (consistent with published data in both rats and mice) Rademacher et al., 2008; , whereas pharmacological disruption of CRHR1 signaling would prevent this stressinduced decline in AEA levels. Consistent with the previous effects, there was a trend for CRHR1 antagonism to prevent stress-induced reductions in amygdala AEA levels (F (1,23) ϭ 3.16, p ϭ 0.08; Figure 5A ). Based on our a priori hypothesis that stress Figure 4 . Analysis of amygdala and PFC levels of endocannabinoids and FAAH activity after CRH receptor agonism. A-C, Effects of intracerebroventricular vehicle, cortagine (CRHR1 agonist; R1, 300 ng) or urocortin 2 (CRHR2 agonist; R2, 1 g) on amygdala 30 min after infusion, (A) AEA, (B) FAAH hydrolytic activity, (C) 2-AG. D-F, Effects of intracerebroventricular vehicle, cortagine (CRHR1 agonist; R1, 300 ng) or urocortin 2 (CRHR2 agonist; R2, 1 g) on PFC 30 min after infusion, (D) AEA, (E) FAAH hydrolytic activity, (F ) 2-AG. Data are mean ϩ SEM; n ϭ 6 -8/group for AEA and 2-AG levels; n ϭ 4/group for FAAH hydrolytic activity. *p Ͻ 0.05.
would reduce amygdala AEA levels, a subsequent Bonferroni analysis confirmed this effect in vehicle-treated animals ( p Ͻ 0.05), but not the CRHR1 antagonist group ( p Ͼ 0.05). As expected, a significant interaction emerged wherein CRHR1 antagonism prevented stress-induced increases in FAAH activity (F (1,12) ϭ 6.11, p Ͻ 0.001; post hoc, p Ͻ 0.05; Figure 5B ), demonstrating that CRHR1 drives the effects of stress on amygdala eCB signaling. There was also no interaction of stress and antagonism on amygdala 2-AG levels (F (1,23) ϭ 1.56, p ϭ 0.22; Figure 5C ). Consistent with previous reports (Deak et al., 1999; Marinelli et al., 2007) administration of antalarmin had no effect on stress-induced CORT levels (stress vehicle CORT: 268.5 Ϯ 19.1 ng/ml vs stress antalarmin CORT: 269.3 Ϯ 35.0 ng/ml; t (22) ϭ 0.02, p Ͼ 0.05). It has been demonstrated that the lack of impact of CRHR1 antagonism on stress-induced HPA axis activation is mediated by additional roles of the vasopressin V1B receptor in maintaining HPA axis drive following stress (Ramos et al., 2006; Bouchez et al., 2012) ; however, these data do again support the hypothesis that the effects of stress or CRH on amygdala FAAH activity and AEA levels occur independently of CORT.
Examination of the PFC found no interaction of stress and CRHR1 antagonism on AEA levels (F (1,22) ϭ 0.0092, p ϭ 0.92; Figure 5D ), FAAH activity (F (1,15) ϭ 1.1, p ϭ 0.31; Figure 5E ), or 2-AG (F (1,22) ϭ 0.07, p ϭ 0.78; Figure 5F ), further underscoring the amygdala as a potentially specialized site for displaying CRHdependent FAAH changes.
To further determine the neuronal populations involved in this response, we subsequently used a line of genetically modified mice that lack CRHR1 exclusively on dorsal telencephalon glutamatergic neurons (CRHR1-Glu KO). Previous work has demonstrated that limbic CRHR1 exists on glutamatergic neurons exclusively within the cortex, hippocampus, and BLA (Refojo et al., 2011) . Similar to the established effects of FAAH inhibition, CRHR1-Glu KO mice are protected against stress-induced anxiety (Refojo et al., 2011) . Given that FAAH expression is primarily restricted to glutamatergic pyramidal neurons (Egertová et al., 1998; Tsou et al., 1998) , the converging phenotypes of these two manipulations led us to hypothesize that CRHR1-possessing glutamatergic neurons are the site of interaction between these systems. To determine whether CRHR1-glutamatergic neurons contribute to stress-induced changes in AEA tone, we examined the effects of a 30 min restraint stress on AEA levels and FAAH activity in the amygdala of wildtype and CRHR1-Glu KO mice. Similar to our previous antagonism study, again our a priori hypothesis was, staying consistent with the literature, that exposure to stress would reduce AEA levels in wild-type mice Rademacher et al., 2008; , whereas genetic disruption of CRHR1 signaling would prevent this stress-induced decline in AEA levels. In complement to our previous rat experiments, and consistent with previous reports in mice Rademacher et al., 2008) , there was a trend for an interaction between genotype and stress on amygdala AEA levels (F (1,21) ϭ 3.7, p ϭ 0.06; Figure 5G ). Based on this existing literature, which has shown that stress reduces amygdala AEA levels, our a priori hypothesis that stress would reduce AEA levels in wild-type, but not CRHR-Glu KO mice, allowed us to perform planned comparisons using Bonferroni analysis between treatment conditions. This analysis determined that stress exposure significantly decreased AEA levels in the amygdala of wild-type ( p Ͻ 0.05), but not CRHR1-Glu KO mice ( p Ͼ 0.05). There was also a significant interaction of stress and genotype on amygdala FAAH activity (F (1,12) ϭ 5.06, p ϭ 0.043; Figure 5H ), which post hoc analysis revealed was attributed to stress-induced increases in FAAH activity among wild-type ( p Ͻ 0.05), but not CRHR1-Glu KO mice ( p Ͼ 0.05). There was no interaction of genotype and stress on amygdala 2-AG levels (F (1,21) ϭ 2.03, p ϭ 0.16; Figure 5I ). Similar to our CRHR1 antagonist findings, there was no interaction of stress and genotype on PFC AEA levels (F (1,21) ϭ 0.60, p ϭ 0.44; Figure 5J ), FAAH activity (F (1,12) ϭ 1.99, p ϭ 0.18; Figure 5K ), or 2-AG levels (F (1,22) ϭ 2.2, p ϭ 0.15; Figure 5L ). Although CORT levels were not examined in these mice within the current study, it has been demonstrated previously that CRHR1-Glu KO mice do not exhibit any differences in stress-induced CORT secretion (Refojo et al., 2011) , which is consistent with our lack of effect of antalarmin on stress-induced CORT release in rats.
Similar to what was seen following intracerebroventricular-CRH administration, the effects of stress on FAAH activity do not appear to be due to changes in the transcription or translation of the FAAH enzyme itself as stress had no effect on the level of protein or mRNA transcripts. Following the end of 30 min restraint stress, there was no change in the amygdala for FAAH (63 kDa) and GAPDH (40 kDa) protein bands in the amygdala and PFC. A, C, For protein analysis, the optical density for FAAH was divided by the optical density for GAPDH and was normalized to the basal control group and represented using arbitrary units. B, D, For FAAH mRNA analysis, fold change of FAAH mRNA levels is shown normalized to basal controls (relative to RRLP2) and represented as arbitrary units. Data are mean ϩ SEM; n ϭ 5 or 6/group for FAAH protein; n ϭ 6 -8/group for FAAH mRNA levels. Data are mean Ϯ SEM: amygdala levels of AEA (n ϭ 6 or 7/group) and 2-AG (n ϭ 6 or 7/group) under basal conditions and following the end of 30 min restraint stress in subjects that were administered intraperitoneal injections of vehicle or the glucocorticoid antagonist RU486 (20 mg/kg). *p Ͻ 0.05, main effect of stress.
protein (t (10) ϭ 1.50, p ϭ 0.16; Figure 6A ), or mRNA (t (11) ϭ 0.86, p ϭ 0.4; Figure 6B ). In the PFC, there was also no effect of stress on FAAH protein (t (10) ϭ 0.74, p ϭ 0.47; Figure 6C ), or mRNA (t (12) ϭ 0.58, p ϭ 0.57; Figure 6D ). Given that the data we have collected so far strongly indicate that the effects of stress on amygdala AEA levels are driven by direct activation of CRHR1, and not due to a consequential increase in CORT, we next sought to examine directly whether CORT had any effect on stress-induced declines in amygdala AEA levels. To examine this process further, the effects of stressinduced eCB changes in the amygdala were investigated in the presence and absence of a glucocorticoid antagonist RU486 (20 mg/kg). As stress is known to produce local increases in CRH release within the amygdala (Merlo Pich et al., 1995; Roozendaal et al., 2002) and increase the release of CORT, this approach offers the ability to dissociate the effects of endogenous amygdala CRH versus the effects of stress-induced CORT on changes in eCB levels. There was a main effect of stress on amygdala AEA levels (F (1,22) ϭ 10.01, p ϭ 0.004; Table 1), which is consistent with previous studies that have demonstrated stress-induced AEA decreases in the amygdala Rademacher et al., 2008; ), but no effect of RU486 (F (1,22) ϭ 0.12, p ϭ 0.72) and no interaction (F (1,22) ϭ 1.43, p ϭ 0.24). There was also no interaction of stress and RU486 treatment on 2-AG levels in the amygdala (F (1,22) ϭ 0.57, p ϭ 0.46; Table 1 ). Together, these data confirm that stress-induced decreases in amygdala AEA content are not modulated by glucocorticoid signaling but are reversed by CRHR1 antagonism, further supporting the importance of physiologically released CRH in this process.
Anatomical colocalization of CRHR1 and FAAH within the BLA FAAH expression is predominately limited to glutamatergic principal neurons (Egertová et al., 1998; Tsou et al., 1998) , and it has been determined that, within the BLA, CRHR1 is also primarily localized to glutamatergic neurons (Refojo et al., 2011) . Given that our findings indicated that deletion of CRHR1 from this neuronal population abrogated the effects of stress on amygdala FAAH activity and AEA levels, we sought to determine whether there could be coexpression of these proteins within glutamatergic principal neurons of the BLA, providing an anatomical basis for this interaction. To test this, we used a recently developed reporter mouse line that expresses the enzyme ␤-GAL on CRHR1-positive cells, as there are currently no reliable antibodies for the CRHR1 receptor (Refojo et al., 2011; . To further establish what percentage of FAAH-positive cells in the BLA are susceptible to CRHR1 modulation, and hence coexpress CRHR1, immunohistochemical analysis of the BLA found that 100% of FAAH-immunoreactive cells coexpressed ␤-GAL (CRHR1) labeling, with no detectable significant difference between FAAH-positive cell counts or counts of colabeled cells (t (14) ϭ 0.53, p ϭ 0.61; Figure 7B -E). To further validate this coexpression, we subsequently performed in situ hybridization for FAAH and CRHR1 mRNA in the BLA (Fig. 7F-I ) , and similar to our protein analysis, 100% of FAAH-positive cells were also found to reliably coexpress CRHR1 gene transcripts in the BLA (t (14) ϭ 0.97, p ϭ 0.34), with no significant difference in expression between cells positive for FAAH mRNA, or cells positive for both FAAH/CRHR1 mRNA. Given the consistent overlap between expression of CRHR1 and FAAH within the same cells in the BLA, these data create a compelling argument for an anatomical basis for the functional interaction between CRHR1 and FAAH within glutamatergic neurons of the BLA.
Inhibition of FAAH activity in the amygdala blocks CRHmediated anxiety
Inhibition of FAAH and deletion of CRHR1 from glutamatergic neurons both attenuate stress-induced anxiety without altering basal anxiety (Haller et al., 2009; Refojo et al., 2011; , suggesting a potentially overlapping, if not interrelated, process involving these factors. The BLA, and particularly the activation of principal neurons in the BLA, is also widely implicated in regulating anxiety-like behavior (Sajdyk et al., 1999; Rainnie et al., 2004; Tye et al., 2011) . Thus, the final arm of this study examined the possibility of a CRH-eCB interaction within the BLA as a mediating influence on anxiety-like behavior. To test this possibility, we examined the effects of local intra-BLA administration of CRH and FAAH inhibition (URB597), alone or in combination, on anxiety-like responses and HPA axis activation. Examination of animals where bilateral cannulae were within the boundaries of the BLA (see Fig. 8 ) revealed an interaction between CRH and FAAH inhibition on the total open arm time (F (1, 44) ϭ 4.83, p ϭ 0.03; Figure 8A ) and the percentage of open arm time during EPM testing (F (1,44) ϭ 4.93, p ϭ 0.03; Figure 8B ). Specifically, intra-BLA CRH decreased both the total time and percentage of time spent in the EPM open arms relative to vehicle-treated animals ( p Ͻ 0.05), and these effects were attenuated by coadministration of FAAH inhibitor. Similarly, an interaction was also found for the total time spent in closed arms of the EPM (F (1,44) ϭ 6.25, p ϭ 0.02; Figure 8C ) and the percentage of time spent in closed arms (F (1,44) ϭ 6.16, p ϭ 0.02; Figure 8D ) where CRH increased both the duration and percentage of time spent in EPM closed arms ( p Ͻ 0.05), and these effects were attenuated by FAAH inhibition. No interaction of CRH and FAAH inhibition was found for the number of total entries made during EPM testing (F (1,44) ϭ 0.27, p ϭ 0.61, Figure 8E ). However, there was a trend for an interaction of CRH and FAAH inhibition on the percentage of open arm entries made (F (1,44) ϭ 2.65, p ϭ 0.11; Figure 8F ). With respect to the HPA axis, there was a significant interaction between CRH and FAAH inhibition on CORT levels (F (1,44) ϭ 4.35, p ϭ 0.04; Figure 8G ), such that intra-BLA CRH increased circulating CORT concentrations relative to vehicle-treated animals following exposure to the EPM ( p Ͻ 0.05), and this effect was attenuated by coadministration of FAAH inhibitor. The specificity of these effects to the BLA is highlighted by the fact that there was no effect of CRH on anxietylike behavior in the EPM test or on CORT levels for off target cannulae (data not shown). Together, these findings show that the anxiogenic behavioral effects of CRH in the BLA involve the recruitment of FAAH activity, and consistent with previous work, demonstrate that FAAH inhibition selectively attenuates stress-induced anxiety but has no effect on basal anxiety (Haller et al., 2009; . The model for this interaction can be visualized in Figure 9 , where we hypothesize that the ability of AEA signaling to gate activation of the pyramidal cells within the BLA during stress is due to a preferential regulation of glutamatergic transmission. As such, we predict that stress evokes the release of CRH, which activates CRHR1 and triggers FAAH activity to deplete the signaling pool of AEA. The loss of this AEA signal results in a disinhibition of glutamatergic inputs to the BLA, which facilitates activation of anxiety-inducing BLA pyramidal neurons (Tye et al., 2011) . This model is based upon several lines of converging evidence that clearly demonstrate that the ability of eCB signaling to dampen anxiety involves a suppression of glutamatergic, and not GABAergic, neurotransmission (Rossi et al., 2010; Rey et al., 2012; Ruehle et al., 2013) .
Discussion
These data reveal a novel relationship between the stressregulating CRH and eCB systems within the amygdala, which has an essential contribution to the initiation of stress and anxietylike behavior. This model builds upon existing literature that has established CRHR1 signaling in the BLA as a catalyst promoting stress and anxiety, by demonstrating that CRHR1, but not CRHR2, activation rapidly suppresses AEA levels in the amygdala, which in turn, contributes to the generation of an anxious state. Given that AEA signaling in the BLA has been linked to modulating both intrinsic excitability of this nucleus (Shin et al., 2010; Gunduz-Cinar et al., 2013) and the regulation of HPA axis activity and anxiety John and Currie, 2012; Gunduz-Cinar et al., 2013; Bedse et al., 2014) , these data support a putative model whereby a CRH-mediated disruption of AEA signaling represents an early 'initiation' response to stress. This raises the interesting possibility that a disruption of amygdalar AEA signaling may be an endogenous mechanism to prime the amygdala in response to stress and facilitate the development of an anxious state. This is consistent with the fact that pharmacological blockade of eCB signaling produces a stress-like state, whereas FAAH inhibition exerts minimal effects under basal conditions but restricts anxiety following exposure to stress or aversive environments (Kathuria et al., 2003; Haller et al., 2009; Bluett et al., 2014) . As well, these findings support the emerging view that FAAH inhibition helps maintain "emotional homeostasis" and resiliency to stress-induced behaviors in adverse contexts (Haller et al., 2013) . Consistent with this model, it is interesting to note that there is a remarkable parallel between the effects of local activation of CRHR1 within the BLA and a disruption of eCB signaling, such as increased grooming, vigilance, anorexia, anxiety, impaired fear extinction, and hyperactivation of the HPA axis (Rubino et al., 2000; Jochman et al., 2005; Ganon-Elazar and Akirav, 2009; Dono and Currie, 2012; Abiri et al., 2014) . As these effects are all prototypical manifestations of a stress response, these data support a putative model whereby CRHR1-FAAH/AEA crosstalk within the BLA is an integral step in the manifestation of a stress response.
The data generated herein create a compelling argument for the importance of CRH signaling in mediating the effects of stress on amygdala AEA and FAAH in a manner that is independent of glucocorticoids. Previous studies have demonstrated biochemical and behavioral effects of intracerebroventricular CRH as rapid as 5-10 min (Spina et al., 2002; Refojo et al., 2005) ; and accordingly, our initial experiments examining the effects of intracerebroventricular CRH on amygdala eCB levels did suggest that the effects of CRH on FAAH and AEA in the amygdala occur within 10 min from CRH administration, a time at which CORT levels were not significantly elevated. Moreover, genetic and pharmacological disruption of CRHR1 signaling reversed the effects of stress on AEA and FAAH within the amygdala but did not prevent stress-induced HPA axis activation. Although surprising, this is consistent with previous reports (Deak et al., 1999; Marinelli et al., 2007) and supports the argument that limbic CRH signaling can coordinate anxiety-like behavior in a manner distinct from its regulation of the HPA axis (Refojo et al., 2011) . This hypothesis also receives support from the fact that pharmacological blockade of glucocorticoid receptors did not alter stress-induced suppression of AEA levels within the amygdala. Collectively, these data clearly demonstrate that stress-induced suppression of AEA signaling in the amygdala is driven by the release of CRH and not a subsequent increase in glucocorticoids.
This is not to suggest that glucocorticoids are not important for the regulation of AEA within the amygdala. We have previously reported that administration of CORT in the absence of stress actually increases, not decreases, amygdala AEA levels . Given that the reduction in amygdala AEA levels had normalized at 120 min following CRH administration, a time at which CORT levels remained elevated, the possibility exists that the subsequent elevation in CORT following the release of CRH actually functions as part of a feedback loop that acts to elevate and normalize AEA levels within the amygdala, thus resulting in the termination of stress-induced anxiety. This hypothesis is consistent with existing evidence that has shown that stressinduced CORT increases normalize amygdala functionality following stress (Henckens et al., 2010 (Henckens et al., , 2012 . This is also consistent with the ability of CORT to reduce stress-induced increases in amygdala excitability through an eCB-dependent mechanism (Karst et al., 2010) . As such, the possibility exists that CORTmediated AEA elevations in the amygdala may be involved in a negative feedback loop terminating the neurobehavioral effects of stress.
The mechanisms by which CRHR1 and FAAH are functionally connected remain elusive. Our current data indicate that the increase in FAAH activity produced by administration of CRH or exposure to stress is not accompanied by increases in either FAAH mRNA or protein levels, suggesting that this effect is not mediated by a rapid effect on mRNA transcription or protein translation. Given the rapid onset of the effects, it seems that the most parsimonious explanation is that CRHR1 activation recruits an intracellular signaling cascade that exerts posttranslational modification of the FAAH enzyme, resulting in rapid and dynamic changes in enzyme activity. Unfortunately, to date, there are no published accounts of any post-translational modifications, such as phosphorylation possibly influencing FAAH activity. Of interest, however, is that the intracellular signaling cascades driven by activation of CRHR1 differ between the amygdala and PFC (Refojo et al., 2005) , suggesting that there may be biased agonism of the CRHR1 depending on the cell type it resides in (glutamatergic vs GABAergic). This divergence in cellular responses is consistent with the region-specific coupling of CRHR1 and FAAH we have documented here and thus may help to shed light on the signaling mechanisms linking these two pathways.
Although these data strongly implicate a direct functional interaction between CRHR1 and FAAH within glutamatergic neurons of the BLA, the methods used do not rule out alternative possibilities. For example, it is possible that the effects of CRH and stress could be mediated through an indirect noradrenergic mechanism because both of these manipulations reliably activate the locus ceruleus, which in turn will release norepinephrine into the amygdala. Although investigation of this possibility is beyond the scope of the current paper, future work will examine the role of norepinephrine in these processes. Additionally, the fact that local CRH and FAAH manipulations within the BLA proper exerted clear effects on anxiety does highlight the importance of this structure in this relationship but does not rule out the possibility that similar interactions are occurring in other structures as many of the documented effects of stress on AEA levels occur throughout many other limbic regions Dubreucq et al., 2012; McLaughlin et al., 2012; Wang M et al., 2012; Marco et al., 2013; Bluett et al., 2014) .
In addition to the effects of CRH on AEA content within the amygdala, the current data indicate that CRH also resulted in a delayed elevation in 2-AG levels within both the PFC and amygdala (seen 120 min following CRH administration in both structures), which is consistent with a delayed increase in 2-AG driven through a CORT-mediated process, as has been documented within the PFC . However, unlike the amygdala, the effect of CRH on 2-AG within the PFC occurs on a very rapid temporal scale as we were able to detect elevations in tissue levels of 2-AG within the PFC 10 min following CRH administration. Because these effects precede glucocorticoid secretion, they are likely driven by the direct actions of CRH acting on CRHR1 to mobilize 2-AG, and not a consequential increase due to CORT secretion. Future work is required to fully understand the mechanisms and functional relevance of CRH-mediated elevations in 2-AG content within the PFC.
In a broader context, these data are also consistent with the findings in humans that genetic polymorphisms in the FAAH gene, which reduce protein levels of FAAH and are accompanied by constitutive elevations in AEA (Chiang et al., 2004; Sipe et al., 2010) , result in reduced activation and accelerated habituation of the amygdala in response to stress, as well as lower levels of trait anxiety (Hariri et al., 2009; Gunduz-Cinar et al., 2013; Dincheva et al., 2015) . This would suggest that, consistent with the present rodent data, in humans reduced FAAH activity limits activation of the amygdala by stress, likely by tempering the capacity of CRH to prime and engage this system to evoke anxiety. This model, in turn, may have significant implications for understanding the neurobiology of anxiety disorders, as well as drug development for novel anxiolytics. As well, this study importantly highlights that other conditions associated with elevated CRH and negative affect, such as drug withdrawal (Contarino and Papaleo, 2005; Heilig and Koob, 2007) , depression, and panic disorder (Sajdyk et al., 1999) , may represent clinical conditions that could benefit significantly from pharmacological interventions that inhibit FAAH activity.
